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TITLE OF THE INVENTION 
Rotor Structure of a c p,, u 

TECHNICAL FIELD Synchronous Servo Motor 

The present invention relates to 
^•c. synchronous servo J. ' structure 

-tor structure by which sil ' P-ticulariy to the 

ciuring rotation of the rotor. '^"''^^ eliminated 

BACKGROUND ART 

The fluctuations r,-fr 

""or With „i„<ji„, '""^ °^ = "otor having ^ 

disturb that rotation. 1= ,' T'" 
position Of the rotor and the s'tatT"' '"^ "'"'^^ 
tha magnetic flu:, . ^= changed, and 

- — ing to the ^rg.^r ."o^tr-!-"-- - =-.,ed. 

a „inute felr a„d" ^ ™- 

-curacy of a workpiece is J J f ^^e finished 
O-ing s„ch a structure i. TstTt ""7 
■ ^ in. for example, a .achine tool 

Accordingly, an object „f 
tc provide a rotor struotnr. invention 

In View Of the above-™el « » rotor, 

invention provider a rotor tr"" 
no- servo .otor, characterised in"! °' " 
rotor elen,ents are juxtaposed alo ° Pl""lity of 

thereof at a first angular positL ' 

position brought out of reaLt '"^ " ^"^ular 

«i3 Of the rotor, based on ^ TT" ^"""^ =""="1 
caused during a rotation of ''^'''"^ =^=1' 

difference between the first ^"'"l^"^ 
positions is an angle corresnol • '^""^ 

i-^th Of the Slot rippii '° ^ 

constructed such that a .„1::' ^""^ '"^ -^or is 
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by the rotor element or elements at the first angular 
position is the same flux as that generated by the rotor 
element or elements at the second angular position; to 
reduce the slot ripple thereof. 

According to the rotor structure of the present 
invention, a slot ripple wave based on a change of a 
relative position between the rotor element or elements 
at the first angular position and stator slots, during 
rotation, and the other slot ripple wave based on a 
change of a relative position between the rotor element 
or elements at the second angular position and the 
stator slots during rotation are brought out of 
registration with each other in wave phase by a half 
wave, and an amplitude of each slot ripple wave is the 
2^5 same for each wave as an amplitude of the summed 

magnetic flux of each rotor elements at the first or 
second angular positions is. the same for each position. 
Therefore, both slot ripple waves are eliminated by 
cancelling each other out when they overlap. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial broken view taken alo|ig the 
line of an arrow A in Fig. 2 and showing a front eleva- 
tion of a rotor structure according to the present 
invention; 

25 Figure 2 is a partially broken side elevational 

view of a rotor structure according to the present 
invention taken along the line of an arrow B in Fig* 1 ; 

Figure 3 is a view explaining a mode of operation 
by which slot ripple is eliniinated, based on the rotor 
structure according to the present invention. 
BEST MODE PGR CARRYING OUT THE INVENTION 
The present invention will be described in detail 
hereinafter according to the embodiment shown in the 
attached drawings. 

Referring to Figs. 1 and 2 , an 8 pole type rotor 
structure is shown. The rotor is constructed by ar- 
ranging 8 poles (each is a N or S pole) in a circle, 
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each of which poles is constructP^ k 

comprising a plurality of seeto. h ^T^"" '^^^ 

snael Plates 14 in a .^ electromagnetic 

-.nets IS. riiLT: ^^^^ 

5 formed in each el. T inserted into a hole 20 

th. ■ electromagnetic steel plate 14 anH 

tnerexn, to hnlr\ ^ iH-^ace 14 and fixed 

electromaan.t -f°-ementioned plurality of 

^-tictiroinagnetic steel m;:,-H^^ i >i . j 

f°rm . rotor oore Te „ " ""^"^^ '° 

rotor core „ , T"^"' ^^^'^ " a.a 

0 ^^o^- .o.„.„/:„: ---- . .re- 

an end of the rotor ,,k- u stainless steel at 

-«Her.oro, ."t^ ptt/::: ^"^""^ ^''^ ' 
"agnatic fiela The Lt " "="lator= against a 

10 having 'a -r^::::: "''r"° ^^^^ "^^^ - 

The structure of the r-o^-^ 
unohange. a.ong the ..J^^Z:: ^ = 
structure of the rotor aooorlL" o th!" 
tlon 1. Changed along the axis 12 n 

tiob thereof, as shown in . '^°"---^-i airec- 

^la„e„t 30 ana a secona rotor element 30 

fixed and juxtaposed along the ^-Utively 
brought out Of reglstratLn . ' " 

around the centra! axt n",::,",:"";" ' 
corresponding to a half „av, ll^ ' ! ' " "'i- 

(as explained ^ereinafte \r.ig r."""^^" 
cores 16 and 16' anri ^-k ^' ^°tor 

s-ucted, .espeo;i:: , " 

the san^e dimensions, til l ^^^^ 

and 30- have the sar.. "''"^ elements 30 

^ tne same magnetic f^i,,-^ ^ • 
and summed magnetic fiu^ T "-'^ distribution 

el-ent 30. is disposed ior "h:"'"'^ °^ ^^^^ 

the aforementioned end plate 24 P^^P^^^ as that of 

is disposed between the rotor '■, ^""^ ^ ^°""^^^y Plate 26 
that interference from the '° 

elements 30 and 30' cTn bo ''^'"^ 

can be prev^n^o^ 
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structure during rotation thereof, because slot 
ripple is a torque fluctuation caused by a change 
of a relative position between the rotor and stator 
slots (not shown), and slot ripple caused by a 
relative rotation between the first rotor element 30 
and the stator slots and the other slot ripple caused 
by a relative rotation between the second rotor 
element 30' and the stator slots are brought out 
of registration in wave phase by a half wave, 
as both rotor elements 30 and 30> are relatively 
fixed in an out of registration state by an angle e 
corresponding to a half wave length of the slot ripple 
caused by a rotation of the rotor element 30 or 30' 
(this is the same length as a half wave length of slot 
ripple caused by a rotor having the structure of the 
prior art). Furthermore, each of the rotor elements 30 
and 30' generates the same magnetic field strength. 
Therefore, both slot ripples, each of which is based on 
each rotor element 30 or 30' , are eliminated by can- 
celling each other out during rotation of the rotor 
having the rotor elements 30 and 30' juxtaposed ac- 
cording to the present invention. 

Figure 3 shows how each slot ripple based on the 
aforementioned rotor element 30 or 30' is eliminated. 
The angle 0 corresponding to a half wave length of a 
slot ripple wave is an angle occupied by a quarter slot 
pitch where two waves of slot ripple are generated rn 
one pitch of the stator slots. Therefore, the out of 
registration angle 6 shown in Fig. 1 may be set to the 
angle of a quarter slot pitch. The abscissa (H) of each 
graph in Fig. 3 shows the angle, the ordinate T, shows 
the slot ripple (this may be considered to be torque 
fluctuation) based on the rotor element 30, another 
ordinate .hows the slot ripple based on the rotor 
- ....... 30', and a further ordinate T, + shows 
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In the embodiment shown In p- , 
5 tl^e second rotor element 30 a" J 

A hole 20 into which thH " 
^or..d in the sector-1 T " " 

Plates 14 d.,H = .,. ^ »"«P«=' oleotromagnetio 

Steel 

^0 afo.e.entionea angle '''' ^^^^ ^^alf of 

each steel plate 14 ^^e ^ '^""""^"^^"-^ ^ ^i"- 28 of 
second rotor element 30- ^r^/^^ element 30 and the 

-teel plate 14 a. ... manufactured using the 

^-tinetion thereof IT ' 
= "15. 1 can be obtai,;ed hv J""' sW„ in 

- °- .ro.p. in 1 :or.\'7 -^^^ - 

Wer part of tho = is positioned at th<=. 

'- or the symmetrical lin^. pa 

group, the hole 20 is posit ' ^ ""^^ °^^er 

the symmetrical line 28' i ^p"^"^ ^^""^ °^ 

' ^'•""'^"^ 22 is inserted inc^ ^""^^ "'''^'^^ 
elements are Juxtaposed hy ," 

so that they are reversed I T ^^^^^^^ 

Therefore, pi,. , can 1 . each other. 

ta^en along the line of an Irrr^^""'' ^ 

°f an arrow B. ^ -'ell as the line 

Whereas the rotor elempn^ . 
P-ltion and the rotor ^ ^ --^^ 
position are respectively "''""'^ "gular 

Element 30 or 3o' ' T" 

— t 30 or 30. m„ ^ rlTrceT"'""' ' 
Plurality Of rotor element T a 

A Plurality Of thL ' 
jU'Ctaposed in a fi^ed order T°k 

^■^ample, each of the rotor , " ^^"'^^entioned, for 
P-ltio„ and each of the"! ""' " -^"l" 
angular position „ay be laL " 

a .tainle.. ^teel pla e"!:"""""^' 

' "ay be held, as an 
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insulator against a magnetic field, between each of the 
rotor elements at the first angular position and each of 
the rotor elements at the second angular position. 
Desirably, in view of the manufacturing of the rotor and 
5 the cost thereof, all of the rotor elements are formed 
by the same designed parts as described in the embodi- 
ments shown in Figs. 1 and 2 , when such a plurality of 
rotor elements are used. 

A counter electromotive force is considered herein- 
10 after, which is generated by an electromagnetic opera- 
tion during a rotation of a motor. The counter 
electromotive force Ep in the prior structure of a rotor 
is expressed by the following equation* 
Ep = Vp sin cot 

15 As the rotor of the present invention comprises a 

group of rotor elements at the first angular position 
and another group of rotor elements at the second 
angular position, the counter electromotive force 
thereof is expressed by the following equation. 

^ (Vp/2) *sinait + ( Vp/2 ) r sin (wt - e-P) 
= Vp-cos (e-P/2) -sin (ujt - e-P/2) 

where, 

2P: the number of poles of the motor, 
e: angle corresponding to a half wave length of 
the slot ripple wave 
When, for example, the number 2P of poles of a motor is 
8 poles, and the angle 0 is 2.5 degrees, an amplitude of 
the counter electromotive force generated by the 
rotor according to the present invention is substan- 
30 tially equal to the amplitude Vp of the counter electro- 
motive' force Ep generated by the rotor having the prior 
structure, as cos (e-P/2) - 0.9962. 

The above-mentioned amplitude of the counter 
electromotive force is generally an important design 
35 factor in controlling the drive mechanism by a servo 

motor. The prior type motor can be used as is and the 
slot ripple thereof can be reduced, since the size of 
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the motor and the software program for controlling same 
need not be changed when a servo motor having an prior 
type rotor is replaced by a servo iro tor having the rotor 
structure according to the present invention. 

It is apparent from the foregoing description that 
a rotor structure can be provided according to the 
present invention, by which the size of the servo motor 
and the software program for controlling same need not 
be changed, and the slo.t ripple thereof can be reduced 
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^^^^ . synchronous servo 

=-Hr-ncture of an a.c. syncni 
1. A rotor structure ^^^^^^^ rotor 

,otor, characterized in ^^ll ^^^,,,, ..is thereof at - 
elements are juxtaposed along ^^^^^^ ^^^^^^^ position 
a first angular said centtal axis of 

, brought out of registrat. ^^^^ ^^^^^ ^^^^^^ 

the rotor based on a slot r.pP ^^^^^^^ 

auring a rotation ^^^^^^Z.. angular positions is 
ence between said first a _ ^^^^ ^^^^^^ ^^3^,^ 

angle —^^^^^^^^^. .^ia rotor is constructed 
0 slot ripple wave, and that s_ the rotor 

such that a surged .agnetxc ^^^^ ^.^.tion is 

element or elements at sax elen.ent or 

..e sa.e flux as — f fJJ,;;,.3i.ion, to reduce said 
elements at said second angular p 
,3 slotripplB. ^,,,t,re of an a.c. synchronous servo 

2. A rotor structure ^^^^ ^^^^^ 

.otor according to claim 1, wt.e-xn^ ^^^,,,^1 and have 
elements, are constructed of t ^ ^^^^ ^^^^^ 

..e samJ size, and wherein the ,.,.x.r position is 

^^--\°:;r the rotor e— or e—s 

at ^°''"ri„ a = synchronous seivo 

" :r. r.r.;: -r. r- ....... 

stator slot pitch. 
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Fig. 3 
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LIST OF REFERENCE ^:UMERALS 
Central axis of rotor 

Magnet 

Pl"= for inserting bar membar 

Bar member 
^nd plate 

Plate for insulating magnetic field 
Synunetrical line of sector-shaped electro 

magnetic steel plate ^iectro- 

Rotor element- a-h +.u ^ ■ 

Hotor element at tb 

Magnetic poXe ''-"^^ 
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